An epoxy penetration technique was used to reproduce and analyze the pitting corrosion process occurred at a steel coupon surface. The samples were exposed to the resin under high vacuum conditions, in order to fulfill the pits caused by the corrosion process. With this technique, a 3D image of the corrosion damages was obtained. Once the image of the damaged surface was obtained, a Scanning Electron Microscope (SEM) was used to analyze the morphology of the pits exhibited by the steel sample. The results were satisfactory, as different parameters such as the diameter, shape and depth of the pits originated, along with the corrosion preferential path, could be established. According to the results, the use of the epoxy penetration technique may be considered as alternating pitting corrosion analysis technique.
Introduction
Pitting corrosion is a localized form of attack that results in relatively rapid penetration at small discrete areas. Pits are often quite small at the surface and easily hidden by corrosion products. They are not detected until a failure occurred as result of a decrease of the metal thickness.
Pitting is unpredictable, especially in conditions forming deep pits, and the rate is variable. Pits may be initiated by a number of surface discontinuities, including sulfide inclusions, insufficient inhibitor coverage, holydays or scratches in coatings, deposits of slag, scale, dust, mud, or sand.
It is very important to be able to determine the extent of pitting, either in a service application where it is necessary to predict the remaining life in a metal structure, or in laboratory test programs that are used to select the most pitting-resistant materials for service.
Depending on the metallurgy of the alloy and chemistry of the environment, pits may be shallow, elliptical, deep, undercut, or subsurface and may follow metallurgical features [1] .
At present time, the identification and inspection of pitting corrosion is carried out using several analyses methods, including: visual inspection, metallographic examination, radiographic, electromagnetic, ultrasonic inspection and penetrating liquids.
All of these methods are directed to establish specific parameters of the pitting corrosion process and consider, in a general way, the determination of variables such as pitting density, shape, size, pit depth (average and maximum values) and distribution, among others. However, it is often found that no single method is sufficient by itself. Additionally, these methods exhibit limitations, especially when determining the maximum pit depth, which normally becomes more important than average depth.
According to this, an alternating method to analyze pitting corrosion process, using an epoxy penetration technique under high vacuum conditions, is presented in this work. When using this method, a third dimension representation of the pitting corrosion is obtained, providing an easy way to observe the pit morphology, using a scanning electron microscope (SEM). All parameters involving pitting corrosion characterization can be determined.
Experimental
A SAE 1018 steel corrosion coupon was used for analysis. It was exposed to an aggressive hydrocarbon fluid for two months and pitting corrosion occurred at the metal surface. The coupon was washed, according to ASTM G 1 [3] , in order to remove all corrosion products. The coupon was cut in four pieces and two of them: CM-1 and CM-2, were selected for characterization (Figure 1) .
In a high vacuum chamber, the metal pieces were exposed to a liquid epoxy resin, which fully covered all samples surface. Under these conditions, it is expected that the epoxy penetrates in the pits and fill up all empty spaces created during the corrosion process; then, the epoxy becomes solid. After that, the metal pieces were cut and separated from the epoxy, as shown in Figure 2 .
Once the samples were identified, the epoxy had to be separated from the metallic part without affecting the pitting corrosion morphology. To do this, the metal was dissolved in 50% hydrochloric acid solution. The dissolution process was carried out using a diluted solution, as epoxy deformation could occur if the temperature is increased to high.
With this, only the epoxy, exhibiting the pitting, was obtained (Figure 3) . Here, it is important to establish that in the epoxy, the peaks are associated to the pits gene- rated during the corrosion process.
Later, the epoxy samples were covered with a gold film (of approximately 20 nanometers thickness), as shown in Figure 4 . This was done, because of the epoxy dielectric characteristics and in order to observe the samples surface with the Scanning Electron Microscope (SEM).
It should be point out that the gold film on the epoxy does not interfere with the corrosion morphology, as the film thickness is very small (about 10 -9 m) compared to the pits depth observed (10 -6 m). Once the film was laid on the epoxy, the surface analysis was carried out.
Initially, the electrons beam was sent perpendicular to the sample surface. Figure 5 shows an SEM image (150×), obtained from the epoxy surface, exhibiting pitting corrosion. Because of the electron beam direction, images showing pitting density (number of pits per unit area) can be obtained. At the same time, the diameter of the pits is estimated. For this specific picture, a pit with a diameter of 318.49 μm is observed in the center of the image.
One important condition when using this methodology is the fact that several diameters can be estimated at the same time, including maximum and average size.
On the other hand, to evaluate pits depth, SEM images, considering different slopes to the horizontal, were obtained. Some photographs are shown in Figure 6 , where different slope values were considered.
According to these images, it is possible to identify the  Shape, size, diameter and depth, including average and maximum values;  Corrosion preferential path.
For this specific case, the maximum pit depth is a very important parameter, considering that the material is under high pressure conditions, and a localized metal thickness decrease could originate a failure.
Within the advantages of this method, the follow can be mentioned:  A real representation of the pitting corrosion process can be obtained;  Different parameters related to pitting characterization can be evaluated from one image;  Each pit diameter can be identified, including average
and maximum values, no matter the type of defect observed at the metal surface;  There are no limitations in determining pits depth;  A pitting corrosion preferential path, occurring at the metal surface, can be identified. 
where:  P is the pit depth;
